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Determine simple methods for rating noise in ship-
board spaces in relation to its interference with speech
communication.

RESULTS

1. Representative samples of ship, office, and shop
noises were recorded, measured, and analyzed.

2. Naval ship spaces tend to be noisier than civilian
spaces where equivalent communicating jobs are performed.

3. Sixteen noises were selected out and adjusted in
intensity to be equally speech-interfering. Simple phys-
ical measurement and calculations on these 16 eqcially
speech-interfering noises showed that Speech Interference

(SI) could be measured:

a. best by a -- aging the Sound Pressure Levels
(SPL) in mid-frequenc octaves (300 to 600, 600 to 1200,
1200 to 2400 cycles per second (c/s)), called the Speech

Interference Level (SIL) method;

b. next best by using weighting networks A or Din
3 in Sound Level Meters, or by finding the SIL (averaging
the SPL's) in the octaves from 300 or 600 to 4800 c/s.

c. least well by fitting spectral noise peaks to
Noise Criterion rating curve contours of which the Noise
Criterion Alternate (NCA) was better than the conventional
Noise Criterion (NC) or International Standards Organiza-
tion (ISO) contours.

4. More complex physical measurement or calculation
on the 16 equally speech-interfering noises showed that
Speech Interference could be measured well by Articula-
tion Index (AI) methods. Simpler 5- and 6-octave methods
employing a generalized speech spectrum were almost as
good as the more elaborate 20-band method using the actual
speech spectrum utilized in this experiment.

5. Speech Interference could be pedicted well by using
families of NC, NCA, or ISO curves if:
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a. only that part of any of the curves that centered

at 500, 1000, and 2000 c/s were used;

b. the curves "averaged through" spectral peaks
and valleys of the noise spectra.

6. For speech in quiet, half the intelligibijity lies in
frequencies above and below some value at or betwe.en 1600
and 1900 c/s. -As the ratio of speech to noise inter sity
deteriorates, the frequency that divides the speect spectrum
into two equal halves (as regards contribution to speech
intelligibility) drops from 1600 or 1900 c/s to abott 800 or
1000 c/s.

7. A new Speech Interference (SI) noise rati, n contour
was developed that could be used in any of the conventional
ways of measuring Speech Interference, namely:

a. to estimate the SIL;

b. as a weighting network for a Sound Level Meter;

c. as a noise-rating contour.

8. The new SI contours rated the Speech Interference
effects of the 16 noises as good or better than any previous
method, and in addition resolved many of the extreme dif-
ferences among the three speech interference rating methods.

9. The new Speech Interference Contours are not dras-
tically different from theoretical extensions of the AI cal-
culation method.

10. Thermal noises (TN) witi ;pectra shapes of -12,
-6, and +6 dB per octave (TN-12, TN-6, TN Flat, and

TN+6) are representative of the steady-state noises in the
c, rgidi. 10' noises.

11. The 16 equally speech-interfering noises were
neither equally loud nor equally annoying.

12. Maximum r.oise level for face-to-face communica-
tion is a 500/'000/2000-c/s SIL of 95 dB.

13. Maximum 500/1000/2000 SIL for speech communi-
cation when using good "noise-proofed," sound-powered-
phones is:
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a. 84 dB -f the talker is --n the quiet and the listen-
er is in noise;

b. 94 dB if both the talker and listener are in noise;

c. 114 dB if the talker is in noise, the listener in
quiet.

14. Amplified speech communication with earphones is
possible in a 500/1000/2000-.c/s SIL of 120 dB if use is made
of noise-cancelling dynamic or condenser microphones,
noise shielaing at mouth and ear, a speech bandwidth of
three octaves or greater centered between 1000 and 1800 c/s,

a low sidetone level, AVC, and peak clipping.

15. Amplified speech communication with laudspeakers
is possible in 500/1000/2000-c/s SIL noise levels of 80 dB.
If earplugs or passive earmuffs are worn, this level can be
extended to 95 dB.

RECOMMENDATIONS

1. In using SIL methods to rate noises, average the
sound pressure levels in the octaves centered at 500, 1000,
and 2000 c/s. This procedure is a compromise between
the presently used 600 to 4800-c/s range and the range
found to be best in this study, the 300 to 2400-c/s range.

2. Use the newly developed SI contours as:

a. a new weighting method for Sound Level Meters;

b. extensions of the existing noise-rating contours.

3. Use of the SI contours should be evaluated in work-
ing ships' spaces.

4. Loudness and annoyance aspects of noises should be
considered in future extensions of this work.

5. Spaces where conversatinns cannot be carried on in

comfort at 3 feet are too noisy for tasks requiring face-to-
face communications. In general this is when the average
noise level 'n the octaves, centering at 500, 1000, and
2000 c/s (the 500/1000/2000-c/s SIL.), exceeds 70 dB.

6. If the 500!1000/2000-c/s SIL exceeds 90 dB, the

wearing of 1-earing protection should be mandatory.
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PREFACE

This report consists of seven reprints of papers in
professional journals plus collateral and supplementary
material. Because of this there will be some duplication,
and the historical and/or logical order will not always be
followed strictly.

The problem in terms of a real naval environmental
control problem is stated in Section I (Introduction). The
evidence that the problem really exists is presented in Sec-
tion H (a summary of noise surveys aboard a number of
ships). Sections III, IV, and V are reprints of papers deal-
ing with two experiments on the physical and speech-inter-
fering p. aperties of diverse spectrum noises.

Section VI gives some details on psychophysical
measurement methods for noises. * Section VII, which
has been submitted for publication, and Sections VIII and
IX (reprints), propose new ways of measuring the speech-
interfering properties of noise.

Section X shows the important frequency regions in
noise-masked speech in terms of where in the speech im-
pairment-handicap-disability scale the criterion is chosen.

Section X summarizes speech capabilities in noise
and is based primarily on evaluations of the speech intel-
ligibility of numerous communication systems and compo-
nents.

* See list of references at end of report.
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INTRODUCTIrN

The Bureau of Ships has specifications2 ' 3 limiting
the levels of noise in various ship spaces and for emission
of noise by equipment. These specifications are based on
considerations of the effects of noise on communications
and on the potential deafening effects.

This report reexamines the question of speech inter-
ference effects of noise with a view toward simplifying the
noise level measurement procedures. To accomplish these
tasks: (1) noise levels in a number of shipboard spaces
were measured aboard cperating ships (and reviewed from
other shipboard measurements) (Section I); (2) represent-
ative aircraft, ship, machinery, and office noises were
collected (Section II); (3) 12 of these noises plus four lab-
oratory-generated noises were then spectrum-analyzed
(Section II); (4) intelligibility tests were conducted to find
the levels at whicF these 16 noises interfered equally with
speech (Section 11); (5) 'he 16 noises were subjected to a
number of simple analy ,cal physical tests and measure-
ments to find a physical measurement which agreed that the
noises were equally speech-interfering (Section II); (6) the
variability among estimations of the average noise level
obtained from observers reading moving coil meters was
determined (Section IV); (7) complex calculation schemes
based on physical measures were applied to the 16 noises
(Section IV); (8) psychophysical measurement schemes were
applied (Section VI); and (9) a new set of speech Interference
Criteria was developed (Sections VII, VIII, and IX).

On the basis of this reexamination, two summary
papers were compiled that concern the important frequencies
in noise-masked speech (Section X) and noise limitatins on
speech (Section XI).

Related studies were conducted to determine the
relationships between (1) noise levels and speech levels,
and (2) the angle between talkers and listeners in face-to-
face communications. 5 ' These are presented in Appendixes
A, B, and C.
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MEASUREMENT OF SHIP NOISES

To obtain experience with the kinds of levels of
noise aboard ships, noise levels were measured on three
Navy vessels, the aircraft carriers USS ORISKANY (CVA 34)
and USS TICONDEROGA (CVA 14), and the missile cruiser
USS CANBERRA (CAG 2). Measurements were made
during sea trips taken in conjunction with two other problems
dealing with communications in the Combat Information
Center (CIC) and on the flight deck of aircraft carriers. To
some degree, therefore, the sampling tended to be concen-
trated in areas occupied by CIC and Air Department person-
nel.

Figures II-1 and 11-2 summarize, in histogram form,
157 noise levels measured aboard the three ships. Except
for a few large compartments, each measurement represents
a single compartment. The uppermost histogram of figure
H1-1 shows the distribution of 3verail or C scale levels.
All measurements were made with calibrated General Radio
Company Type 1551-A or 1551-B Sound Level Meters. The
arrow at 86 dB indicates the median level. The next histo-
gram depicts sound levels obtained with the A weighting 7 of
the sound-level meter for the same set of 157 measurements.
For this distribution the median is 76 dB.

The two lower histograms, figure H-2, present over-
all (C scale) and A-weighting levels measured in spaces in
which satisfactory speech communication was judged by ihe
measurement team to be important. The 64 measurements
selected from the 157 measurements correspond roughly to
the A category of Ships Specification SI-10.2 The median C

and A levels for these spaces are 82 and 70 dB, respectively.
Figure 11-3 presents histograms of noise levels

measured by Jensen and Soroka aboard the aircraft carrier
USS CORAL SEA (CVA 43).8 The upper histogram is based
on overall levels calculated from listed octave band ievels
and the lower histogram is based on Speech Interference
Levels 9 of the same measurements. Median levels are 93
and 73 for the two distributions of 60 measurements each.

Additional data on noise levels aboard U. S. Navy

ships are available in reports from the Material Laboratory,

New York Naval Shipyard. 1o Median overall levels were

about 84 dB for 44 measurements on USS BORIE (DD 704),
about 90 dB for 20 measurements on USS TIMMERMAN

(EAG 152), and about 80 dB for USS TICONDEROGA for
19 measurements taken with no aircraft in operation.

Speech Interference Levels (the 300 to 4800-cIs,

four-band average) gave median values of 80 dB for 23
measurements on USS TIMMERMAN and of 66 dB for 20

measurements on USS TICONDEROGA.
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Figure II-1. Distribution of noise
levels in representative compartments
on two aircraft carriers and one heavy
cruiser. The upper histogram is mea-
sured with the C-, the lower with the
A-weighting, of a sound level meter.
Arrows point to median values.
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Figure 11-2. Distribution of noise
levels in only those compartnents where

speech communicaticns were judged to be
necessary on two aircraft carriers and
',ne heavy cruiser. The upper histogram
is measured with the C-, the lower with
the A-weighting, of a sound level meter.
Arrows point to median values.
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Figure 11-3. Distribution of noise
levels abccrd USS CORAL SEA (CVA 43).
The upper histogram represents
C levels, the lower is the average
level in the four octaves from 300 t.7

4800 a/s, the four-octave Speech

Interference Level (SIL).
Arrows point to median values.

A later survey of shipboard noises by the Southwest
Research Institute" concludes "... that airborne sound
levels generated by machinery items are above specifica-

tions in several shipboard spaces.1"
Figures 11-4 through fl-11 summarize the SRI

noise measurements and the BUSHIPS specifications ap-
plicable at the time. The measurements reported were
made aboard the aircraft carriers USS ENTERPRISE (CVA
65), USS FORRESTAL (CVA 59), USS KITTY HAWK (CVA
63), USS RANGER (CVA 61), and USS HANCOCK (CVA 19)
from 1959 to 1962; on various conventional and nuclear
submarines in 1958 and 1963; and destroyers in 1956 and
1963. The authors measured noise levels only aboard

DD's 849 and 868 and CVS 18 in March 1964. it general
the noises in Category D and E spaces were measured at
fuil power runs and other spaces during "endurarnce" run-
ning conditions.

The noise leveis aboard merchant ships of the
Netherlands'1 and Noray'' 14 varied froni 65 dB(A) or 95
dB(C) in cabins to 105 OB(A) or 110 dB(C) in Engine Rooms.

Noise level- on the navigation (pilot) bridge of 24
German ships1s varied between 70 and 102 dB at 31 c!s and
between 40 and 55 dB at 2000 c/s, with spectra falling about
10 dB per octave from 31 to 250 c/s and about 5 dB per
octave above 250 c/s. On the average, C levels were 90 dB
at "full speed ahead" (voile Fahrt) and 90 dB a- "stop."
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In summary:

1. Overall levels on three aircraft carriers, a missile
cruiser, and two destroyers ranged from 70 dB to over 120
dB; median sound pressure levels for five different groups
of measurements were 86, 93, 84, 90, and 80 dB.

2. The A-weighting levels taken aboard t wo carriers
and a cruiser measured from 54 to 116 dB with a median
value of 76 dB. MercLant ship values ranged from 65 to
105 dB.

3. Speech Interference Levels for two carriers and
one destroyer measured from 55 dB to 100 dB with median
values of 66, 80, and 73 dB. Ship specifications Section
SI-l0 give maximum permissible SIL's of 50, 55, and 60
dB for various sized category A %ompartments (in which

speech communication is import-nt) and 72 dB for category
E compartments (in which deafness avoidance is a consider-
ation, but a certain amount of speech communication is
necessary). Obviously, with median measured SIL's of
66, 80, and 73 dB and estimated* median SIL's of about 66
dB and 62 dB for the data of figure U-I, the noise level in
Navy ships is high enough to produce speech interference
problems. It is not surprising that several noise surveys
conclude with statements to the effect that SI-10 maximums
were exceeded. 8 l ° " 1i

It should be noted that although noise is a problem
in the Navy, not all ships or compartments can be classi-
fied as noisy. Brief informal observations aboard the air-
craft carrier USS RANGER (CVA 61). in June and August
1962, indicated a number of locations that were relatively
free of noise (about 50 dB on the C scale of a sound-survey
meter). The PANGER is a relatively r -,w ship (commis-
sioned in 1957), and from the observed widespread use of
sound-absorbing and sound-isolating material, it appears
that noise may be a lessened problem in some late model
ships.

* For ship noise the median A level apears to be about 10
dB below the median C level and th-e median four-band SITL
about 10 dB beiow the A level (fig. iI-i and H-2). This
generalization should not be applied to individ.ial measure-
ments., but probably holds true fcr the general class of
ship noise because of the all-pervading influence of low
frequency noise from blowers and prGplsion machinetry.
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